Abstract
Introduction
Colorectal cancer (CRC) is the second most common cancer in women and third in men worldwide [1] . It accounted for 10% of all malignancies and 8% of all cancer deaths globally, leading to a substantial public health burden [1] . The recent decade witnessed a two-to threefold rise in the incidence of CRC in the Asia-Pacific countries, including China, Japan, Korea, Singapore and Hong Kong [2] -which is now comparable with the incidence figure in Western nations.
CRC screening is effective to reduce mortality as randomized trials have shown that Faecal Occult Blood Tests (FOBT) and colonoscopy can reduce cancer deaths by up to 33% [3] [4] [5] and 68% [6] [7] , respectively. Therefore, guidelines from the US Preventive Task Force [8] and the Asia Pacific consensus statements [9] have recommended FOBT and colonoscopy as suitable primary screening tools for population-based CRC screening. Nevertheless, the uptake rate of CRC screening programme and its persistent compliance remained low in many nations including Asian countries [10] [11] [12] [13] . This has been attributed to poor knowledge of CRC screening, as well as various psychological and health system barriers [14, 15] .
A previous telephone survey conducted in Hong Kong [16] based on the Health Belief Model (HBM) evaluated a few variables pertaining to HBM which were associated with CRC testing, namely perceived severity of CRC; perceived health and psychological barriers to CRC testing; and perceived access barriers to testing. This clearly highlights the importance of psychological perception as a key factor which could modify screening uptake. Decisional regret is one of the important psychological constructs which might adversely affect healthcare behavior. It has been defined as the decisional consequence characterized by a feeling of self-blame or disappointment with respect to a choice that failed to produce a desired outcome [17] . It could derive from underlying psychosocial stress or dysfunctional communications with healthcare providers when decisions are being reached [18] . A recent meta-analysis concluded that interventions which consist of a regret component could influence the likelihood of patients' intention being translated into behavior, like exercise, weight loss, condom use and screening uptake [19] . However, the regret component of the meta-analysis studied was anticipated regret, and it is currently unknown whether the experience of perceiving "decisional regret" on the choice CRC screening tools could influence persistent compliance with CRC screening.This study aims to evaluate the factors associated with the perception of regret in a CRC screening practice. In addition, we tested the a priori hypothesis that regret over the choice of CRC screening methods was associated with poorer screening compliance over time.
Materials and Methods

Ethics Statement
This study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong. All study participants provided informed written consent.
The setting for this study has been described elsewhere [14, 15, [20] [21] [22] [23] [24] . We have previously conducted a study in the same setting evaluating the factors associated with programme compliance over time [23] , as well as whether informed choice is associated with better compliance. Briefly, a bowel cancer screening centre was established in Hong Kong in 2008. It invited free CRC screening for eligible Hong Kong residents aged 50 to 70 years who were asymptomatic of CRC via media invitations. This community centre provides education and CRC screening to a large population of Hong Kong, and is accessible to all Hong Kong residents. We collected data based on screening recruitment between 2008 and 2012.
Study Design
The centre prospectively recruited self-referred screening participants aged 50 to 70 years for CRC screening who could register via telephone, fax, email, or walk-in.
Participant recruitment. The eligibility criteria for this study were (i) age 50 to 70 years; (ii) absence of existing or previous symptoms suggestive of CRC such as haematochezia, malena, anorexia or change in bowel habit in the past 4 weeks, or weight loss of greater than 5 kg in the past 6 months; and (iii) not having received any CRC screening tests in the past 5 years. Exclusion criteria included personal history of CRC, colonic adenoma, diverticular disease, inflammatory bowel disease, prosthetic heart valve or vascular graft surgery. Participants with medical conditions which were contraindications for colonoscopy, like cardiopulmonary insufficiency and the use of double antiplatelets, were also excluded. The eligibility of each participant and the exclusion criteria were checked by trained staff in the centre.
Survey instrument and study logistics. Registered participants were invited to fill in a self-administered questionnaire, including information on their age, gender, family history of CRC, smoking status, drinking habit, past medical history and long-term medication use. Meanwhile, centre staff checked for the completeness of questionnaires and trained volunteers assisted survey completion for illiterate participants by reading the questions word-by-word. All participants were then offered an educational session using a standard video followed by health talks by trained educators. The video included information on the epidemiology and natural history of colorectal cancer, risk factors, clinical features of this condition, importance of regular screening, and procedures of Faecal Immunochemical Test (FIT) and colonoscopy. The potential risks and benefits of FIT and colonoscopy were further explained by bowel cancer educators in the centre. All educators were trained by a team of gastroenterologists, family physicians and public health professionals prior to the programme. The talks were delivered in a standardized manner with both FIT and colonoscopy being presented in a non-preferential manner. Each session lasted for approximately one and a half hour, and was limited to a maximum audience size of 30. Interaction among participants was discouraged, and they were given a choice between yearly FIT (Hemosure Inc, El Monte, CA) for up to five years or a direct colonoscopy for CRC screening. They were requested to make their choice within 30 minutes after the talks, which resembled real-life screening practices. All participants who have chosen their preferred screening tests were not allowed to change their choice. They completed a survey to measure their level of regret immediately afterwards.
Outcome Variables. A scale measuring the degree of regret was devised by a panel of academic professors, gastroenterologists, family physicians, public health experts and social workers. The decisional regret here referred to having decided to undergo a certain CRC screening test (i.e., FIT or colonoscopy). It consists of 4 survey items, namely "I made the right decision"; "I regret my decision"; "I will make the same decision if I choose again" and "My decision is harmful to me". A five-point Likert scale ranging from 1 to 5 was devised for each survey item, including "strongly agree", "agree", "neutral", "disagree" and "strongly disagree". Two items were negatively worded to ensure that the respondents read each question carefully as a safeguard against response bias. These survey items were pilot-tested in 20 screening participants for comprehensibility and wordings were modified by the panel according to their comments. All the responses of these four items were averaged with the possible score ranging from 1 (no regret) to 5 (extremely regret). To measure compliance with the screening programme, subjects who chose yearly FIT were followed up for four years whilst those chosen colonoscopy were followed up until the scheduled endoscopy appointment. Non-compliance was defined as no return of faecal test samples for at least one year, or non-attendance to colonoscopy. The study participants who had positive faecal tests yet defaulted colonoscopy follow-up were also regarded as non-compliant.
Statistical Analyses
All data were entered into a predesigned database with logistic checking using Microsoft Access, and analyzed using SPSS software, version 18.0 (Chicago, Illinois). The proportion of participants who reported "strongly agree" or "agree" for the four regret survey items were compared between the FIT and colonoscopy groups. The overall regret scores were presented according to age; gender; educational level; perception of the necessity for people aged >50 years to undergo CRC screening; prior CRC screening examination; their need for more information on CRC screening; knowledge scores on CRC; whether the participants changed their mind on the preferred screening option before and after the health talks; the degree of pressure felt whilst making the decision; and the scores on satisfaction of the screening programme. To evaluate the factors associated with experiencing regret, univariate analysis was conducted consecutively for each covariate mentioned above. All covariates were included into a binary logistic regression model if the initial p value is less than 0.10 in the univariate analysis. To test for the association between regret and compliance, a multivariate regression model was constructed with compliance as the outcome, controlling for all the covariates. All the variables selected in the multivariate regression analysis were detected for the presence of interactions. Since the cut-off point of 2 for the scale measuring regret was arbitrary, two more cut-off points at 2.5 and 3, respectively, were used to detect if the findings were similar. As part of sensitivity analysis, the regret score was converted to a continuous scale and the same analyses were repeated to explore for any heterogeneity. All p-values <0.05 in the multivariate regression analysis were regarded as statistically significant.
Results
Participant characteristics
From 4,341 screening participants who visited the centre, 1,975 chose FIT and 2,366 chose colonoscopy ( Table 1) . Their average age was 57.7 (SD 4.9) years and 41.9% were male subjects. Among them, subjects choosing colonoscopy were younger; had higher educational level; more were married; greater proportions worked full-time; more perceived the necessity for people aged older than 50 years to undergo CRC screening; had higher household income; and more had family history of CRC ( Table 1) .
Responses on the regret survey after choice of a CRC screening modality
The vast majority of the participants agreed or strongly agreed that they made a right decision (94.4%); they did not regret about the decision (93.0%); they would make the same decision if they could choose again (94.8%); and the decision made was not harmful (91.6%) ( Table 2) . The average regret score among all subjects was 1.79; and 2.8% had a regret score 2. When compared with subjects chosen FIT, higher proportions of subjects chosen colonoscopy perceived that they had made a right decision (96.0% vs. 93.1%, p<0.001), and would made the same decision if they could choose again (96.9% vs. 93.3%, p<0.001). The average regret score was 1.82 and 1.74 in the FIT and colonoscopy group, respectively. In univariate analysis, female gender, lower educational level, doubt about the necessity for people aged >50 years to undergo CRC screening, perceived need for more information about CRC, lower CRC knowledge score, changing of screening choice after health talks, feeling of pressure whilst making decision, and lower satisfaction of the screening programme was associated with higher levels of regret ( Table 3) .
Factors associated with experiencing regret
From binary logistic regression analysis, younger age (AOR [adjusted odds ratio] = 0.64 to 0.72 for those aged 60-70 years; referent: 50-54 years); uncertainty about the necessity to screen people aged 50 years (AOR = 1.54, 95% C.I. 1.12-2.12, p = 0.009), and feeling pressure whilst making decision (AOR = 2.29 to 2.63) were significantly associated with higher levels of regret ( Table 4) .
The association between regret and persistent programme compliance A total of 1,029 (23.7%) subjects were non-compliant with the screening programme. When non-compliance with the screening programme was used as an outcome variable in a multivariate regression model, it was found that those who experienced regret were more likely to be non-compliant (AOR = 1.53, 95% C.I. 1.198-1.940, p = 0.001) ( Table 5 ). The same holds true when different cutoff values (2.5 and 3.0) were used to define regret, or when the regret score was converted to a continuous scale. There exists no interaction or multi-colinearity among covariates in the binary logistic regression model, implying that the regression analyses were robust. 
Discussion
Major findings
This study found that 2.8% of screening participants felt regret on their choice of CRC screening tests if options were offered; when translated into population-based screening services, this seemingly modest figure indeed represents a substantial number of individuals. It also showed that younger subjects, those who were uncertain about the necessity to screen people aged 50 years, and people who felt pressure whilst making decision were more likely to experience regret. Importantly, this regret experience was found to be significantly associated with programme non-compliance.
Implications to clinical practice
This study bears several important implications on improving screening practices in the community. Firstly, there exist a proportion of subjects who might experience regret even after thorough education and explanation i.e. informed choice. We suggest that for participants who are rather undetermined on the screening modality, physicians should be more prescriptivepreferably with decisional aids to minimize the risk of regret. In addition, this study identified the factors associated with the experience of regret. Therefore, subjects with these factors should be given closer monitoring or intervention of their screening behavior over time. These include (1). regular and more frequent reminders around the time of their next screening round; (2) . The use of small media; and (3). one-to-one education which have been found effective to enhance compliance [25] . Effective reminders include both informational booklets, as well as printed and telephone messages advising screening participants that they are due (reminder) or late (recall) for screening [25] . Its effectiveness cannot be overemphasized as screening compliance has been identified as one of the most important factors influencing the programmatic performance of CRC screening programmes. Also, this is the first study which shows that regret is significantly associated with screening compliance-and signifies the importance of psychological variables on screening behavior. Whilst a previous population-based study in Hong Kong evaluated the psychological barriers of screening uptake, future studies should identify the association between the perceptual variables in the HBM and persistent compliance with screening over time. The study was conducted from 2008-2012 in Hong Kong. *The regret scale is a four-item questionnaire with a score range from1 (no regret) to 5 (extreme regret). The binary logistic regression model adjusted for participants' age; gender; educational level; perception of the necessity for people aged >50 years to undergo CRC screening; prior CRC screening examination; their need for more information on CRC screening; knowledge scores on CRC; whether the participants changed their mind on the preferred screening option before and after the health talks; the degree of pressure felt whilst making the decision; and their scores on satisfaction of the screening programme
Relationship with existing literature and Explanation of findings
To the best of our knowledge, this is the first study which evaluated the determinants of regret and its association with screening compliance over time. Regret is a frequently experienced, fundamental emotion in decision making [25] . In the Decision and Justification Theory (DJT), two components of regret were postulated [26] . These include regret that the outcome contrasts poorly with the reference outcome, and that the decision process was made in an unjustified manner. Since the level of regret in this study was assessed before the screening outcome, it is more likely that the study participants expressing regret were indeed induced by self-blame due to bad decision processes [26] . Psychological theories supported that intention-behavior inconsistency is a central component of the decision process. Recent studies [25] showed that the transition from intention-behavior inconsistency to regret is mediated by the judged quality of the decision process, and that regret is a warning signal about failed decision making processes and their outcomes. It is unknown why younger age was associated with a higher likelihood of regret; however, subjects who were uncertain about the necessity for screening and those who felt pressure whilst making decision might have greater difficulties to achieve intention-behavior consistency-and thus higher likelihood of regret [27] . As regret is a negative emotion which dis-incentivizes a subject's screening behavior, it is logically plausible to be associated with poorer screening compliance.
Study Limitations
This prospective study recruited a large number of asymptomatic subjects followed-up for 4 years. Nevertheless, there are several limitations which should be addressed. Firstly, all the study participants were self-referred and critics might argue that their levels of screening compliance were higher than that of patients who were invited by their primary care physicians for CRC screening. This might have an impact on the representativeness and generalizability of the findings. Besides, the study participants were not randomized according to the screening modalities offered, although the study objectives were not focused on comparing regret or programmatic compliance between FIT and colonoscopy groups. Also, the reasons of non-compliance have not been fully explored in this study. Some cases of non-compliance may be due to factors obviously unrelated to regret, like hospital admissions and emigration. In addition, we measured "decisional regret" instead of "anticipated regret", and this study has not adopted decision regret scales which have already been validated, such as the instrument from the Ottawa Hospital Research Institute [28] . Our findings might also be less relevant in some healthcare systems where opportunity exists for screening participants to select other tests. Screening participants with decisional regret may need more than 30 minutes typically allocated to the screening participants.
Conclusion
This study demonstrated an association between the experience of regret and persistent compliance with the screening programme over time. Quality improvement in the process of conducting population-based CRC screening programmes should therefore be implemented to minimize regret among the screening participants and hence enhance screening compliance. Future studies should evaluate what interventional strategies could effectively reduce the likelihood of regret among screening participants.
